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ABSTRACT 

The association of some short-duration gamma-ray bursts (GRBs) with elliptical galaxies established that 
their progenitors, unlike those of long GRBs, belong to an old stellar population. However, the majority of short 
GRBs appear to occur in star forming galaxies, raising the possibility that some progenitors are related to recent 
star formation activity. Here we present optical spectroscopy of these hosts and measure their luminosities, star 
formation rates, and metallicities. We find luminosities of Lb « 0.1 - 1.5 L*, star formation rates of SFR « 
0.2-6 Mq yr"', and metalHcities of 12+log(0/H) « 8.5-8.9 (Z « 0.6-1.6 Z©). A detailed comparison to the 
hosts of long GRBs reveals systematically higher luminosities, lower specific star formation rates (SFR/Lb) 
by about an order of magnitude, and higher metallicities by about 0.6 dex. The K-S probability that the short 
and long GRB hosts are drawn from the same underlying galaxy distribution is only ~ 10"^. On the other 
hand, short GRB hosts exhibit excellent agreement with the specific star formation rates and the luminosity- 
metallicity relation of field galaxies at z 0. 1 - 1 . We thus conclude that short GRB hosts are not dominated by 
young stellar populations like long GRBs hosts. Instead, short GRB hosts appear to be drawn uniformly from 
the underlying galaxy distribution, indicating that the progenitors have a wide age distribution of several Gyr. 

Subject headings: gamma-rays:bursts 



1. introduction 

The properties of gamma-ray burst (GRB) host galaxies 
provide important insight into the nature of the burst progen- 
itors. In the case of the long-duration GRBs (Tgo > 2 s), the 
hosts are blue star forming galaxies with high specific star for- 
mation rates and sub-Lj, luminosities (e.g., [H ogg & Fruchter 
^999; Charvet al."2002; Berger et al." 2003; Le Floc'h et all 
2003; Christensen et al. 2004; Savaglio et al. 200l). More- 
over, the bursts themsel ves trace the star formation ac- 
tivity within their hosts (iBloom et al.l l2002t iFruchter et al.l 
120061) . At low redshift, z < 0.3, long GRBs appear to oc- 
cur preferentially in low luminosity and metallicity galaxies 
([Stanek et al. 2006; Savaglio et al. 2008), although it remains 
unclear whether this is a causal co nnection or a bypro duct of 
the intense star formation activity ( Berger et al.l2007ah . Taken 
together, these properties provided an early indication that the 
progenitors of long GRBs are massive stars, and ultimately 
they may shed light on the conditions (if any) that favor the 
formation of the progenitors. 

The more recent discovery of afterglow emission from 
short-duration GRBs led to ass ociations with both star form- 
ing and elliptical host galaxies (Berger et al.'l 2005l; iFox et al] 
12005; Gehrels et al. 2()05; Bloom et al. 200d). The associa- 
tion with elliptical galaxies demonstrates unambiguously that 
the progenitors of at least some short GRBs are related to an 
old stellar population, consistent with the popul ar model of 
compact object mergers (NS-NS or NS-BH; e.g., Eichler et al.l 
[1989; Narayanet al. 1992). In addition, Hubble Space Tele- 
scope imaging of the star forming host galaxy of GRB 050709 
revealed that, unlike in the case of the long GRBs, the burst 
was not associa ted with a region of active star formation 
(IFox et al.ll2005l) . 

Subsequent to the discovery of the first short GRB after- 
glows and hosts, we have shown that a substantial fraction of 
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these events (1/3-2/3) re side at higher redshifts than pre- 
vious ly suspected, z ^ 0.7 dBerger et al.ll20073 ICenko et al.l 
|2008|) . Spectroscopic observations indicate that a substantial 
fraction of these galaxies are undergoing active star forma- 
tion. Indeed, of the current sample of short GRBs localized to 
better than a few arcseconds (23 bursts), w 45% reside in star 
forming galaxies compared to only k, 10% in elliptical galax- 
ies^. This result raises the question of whether some short 
GRBs are related to star formation activity rather than an old 
stellar population, and if so, whether the star formation prop- 
erties are similar to those in long GRB host galaxies. The 
answer will shed light on the diversity of short GRB progen- 
itors, in particular their age distribution and the possibility of 
multiple progenitor populations. 

Here we present optical spectroscopy of short GRB host 
galaxies and measure their luminosities, metallicities, and star 
formation rates (^and We then assess their specific star 
formation rates and luminosity-metallicity relation, and com- 
pare these results with the properties of long GRB hosts and 
field star forming galaxies (®. Finally, we use these com- 
parisons to draw conclusions about the progenitor population, 
and we outline future host galaxy studies that will provide 
continued constraints on the progenitors (©. Throughout the 
paper we use the standard cosmological parameters. Ho = 70 
km s"' Mpc"', Vim = 0.27, and 17a = 0.73. 

2. OBSERVATIONS 

In Table [T] we summarize the properties of all short GRBs 
with Swift X-ray Telescope (XRT) localizations, and their 
host galaxies. All references for the burst and h ost properties 
are prov ided in Table [T] i nclud ing in particular iBerger et al.l 
( l2007bl) and ICenko et al.) ( 12008 ) for the details of our spec- 
troscopic observations. We present the flux-calibrated spec- 
tra of the host galaxies of GRBs 060801, 061006, 061210, 
061217, and 070724 in Figure[T] Spectra of the hosts of GRBs 

^ The other Ri 45% remain currently unclassified due to their faintness, a 
lack of obvious spectroscopic features, or the absence of deep follow-up. 
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070429b and 070714b are presented in ICenko et all (l2008l) . 
while spect ra of the hosts of GR Bs 050709 and 05 122 l a are 
provided in lFox et all (l2005h and lSoderberg et all (l2006 l). re- 
spectively. Below we summarize our new spectroscopic ob- 
servations of GRB 070724. 

2.1. GRB 070724 

A putative host galaxy was identified within the 2.2" ra- 
dius XRT error circle of this shor t burst in archival Digi- 
tal Sky Survey images (iBloom & B utler 2007). No comci- 
dent variable optical, near-IR, or radio source was detected 
dLevan et al.ll2007l: ICucchiara et allllOOTHCovino et alll2007t 
IChandr a & Frai]l l2007h . 

We obtained imaging and spectroscopy of the likely host 
galaxy usiiig the Gemini Multi-Object Spectrograph (GMOS; 
iHook et aH 12004 ) mounted on the Gemini-South 8-m tele- 
scope. We confirm the presence of the galaxy and measure 
its brightness to be ^ab = 20.56 ± 0.03 mag. The probability 
of chance coincidence for a galaxy of this brightnes s within 
the XRT error circle is only 8 x 10"^ (iBeckwith et alJl2 006). 

The spectroscopic observations lasted a total of 3600 s, us- 
ing the GMOS R400 grating at central wavelengths of 7000 
and 7050 A with a 1" slit (resolution of about 7 A). The data 
were reduced using the gemini package in IRAF. Wave- 
length calibration was performed using CuAr arc lamps and 
air-to-vacuum and heliocentric corrections were applied. We 
identify several emission lines corresponding to [011]A3727, 
[Olll]AA4959,5007, and H/? at a redshift of z = 0.4571 ± 
0.0003 (FigureQ). 

3. HOST GALAXY PROPERTffiS 

The sample of short GRBs presented in this paper is com- 
prised of all events with SwiftlXKI positio ns (23 b ursts), with 
typica l uncertainties of - 2-5" ( Butle^ IIoOTI: iGoadetalJ 
l2007h . Of these events, nine bursts have been further local- 
ized to sub-arcsecond precision based on detections in the op- 
tical, near-lR, radio, and/or X-rays. In eight of these nine 
cases a host galaxy has been identified'*, and in six cases its 
redshift has been measured. These are the most secure host 
galaxy associations in the sample, with a redshift range of 
z « 0.16-0.92, an optical magnitude range of r w 18-25 
mag, and a ratio of late- to early-type of 5 : 1 (hereafter. Sam- 
ple 1). The additional two bursts with sub-arcsecond positions 
and no current redshift measurements have faint hosts wit h 
r = 24.8 and 26.3 mag. As discussed in lBerger et alj ( l2007bl) . 
these events are likely located at z > 0.7. 

Of the 14 short bursts with only XRT positions, 12 have 
deep follow-up observations that led to the identification of 
galaxy counterparts, with r « 17-26 mag; the chance co- 
incidence probabilities for these galaxy associ ations range 
from 10"^ to 0.1 (for a detailed discussion see lBerger et alJ 
l2007bl) . Six of these 12 hosts have spectroscopically mea- 
sured redshifts, z ~ 0.23- 1.13 (hereafter. Sample 2). These 
are the brighter hosts, r « 17-23 mag, and the ir probabih- 
ties of chance coincidence are thus the lowest ( Berger et alj 
l2007bl) . Their ratio of late- to early-type is aga in 5:1. The 
remaining, fainter hosts likely reside at z > 0.7 (IBerger et alJ 
I2007bh . 

We focus here on the two samples of host galaxies with 
measured spectroscopic redshifts. As we stress below, our 

^ The single exception is GRB 070707 for which our deepest limit is r > 
24.4 mag. 



results remain unaffected even if we use only the events with 
sub-arcsecond positions {Sample 1). 

3.1. Luminosities 

We infer the host galaxy absolute magnitudes in the rest- 
frame B-band, Mb, using their observed r-band magnitudes 
(Table [T]|. At z < 0.5 the observed r-band directly samples 
the rest-frame B-band, but for the hosts at z ^ 1 it provides 
a measure of the rest-frame U -band. To transform the latter 
to the Z?-band we use the typical rest-frame U -B colors of 
blue galaxies, appropriate for our star forming galaxy sample, 
as me asured from th e DEEP2 galaxy survey, U -B 0.75 
mag ( Coil et al.l2 008). The observed dispersion in U-B color 
results in a ~ 30% uncertainty in Mb- 

For the hosts in Sample 1 we find Mb ~ -18 to -21 mag, 
or Lb ~ 0. 1 - 1 .5 L* ; the highest lum inosity be longs to the el- 
liptical host galaxy of GRB 050724 (iBerger et al.'2005). We 
use the appropriate value of as a function of redshift de- 
termined from the DEEP2 survey jWillmer et aljr2006) . For 
the star forming hosts in Sample 2 we find Mb ~ -20 to 
-21 mag, or Lb ~ 0.4- 1.4 L^, ; the elliptical ho st galaxy of 
GRB 050509b has Lb^SL^ (iBloom et alJlIOOeh . The distri- 
bution of Mb values is shown in Figure|2l 

3.2. Star Formation rates 

We next use the [011]A3727 line luminosities to infer the 
host star formation rates (Figure [TJ- We use the sta ndard con- 
versio n, SFR = (1.4 ±0.4) X lO-^^'Lioii] M© yr"* dKennicuttl 
Il998l) . For the star forming hosts in Sample 1 we find SFR « 
0.2- 1 Mq yr"', whil e the elliptical host of GRB 050724 has 
SFR < 0.05 Mq yr"' dBerger et al.ll2005l) . For the galaxies in 
Sample 2 we infer SFR « 1 - 6 Mq yr"* , with a l imit of 5. 0.1 
Mq y r"' for the elliptical host of GRB 050509b (iBloom et alJ 
l2006l) . The star formation rate for each host galaxy is pro- 
vided in Table [T] 

Using the absolute magnitudes inferred above, we find that 
the specific star formation rates are SFR/Lg « 1 - 10 Mq yr"' 
L~' for the star forming hosts; see Figure [3] For the two el- 
liptical host galaxies the upper limits are SFR/Lg < 0.03 Mq 

3.3. Metallicities 

For five of the twelve host galaxies we have suf- 
ficient spectral information to measure the metallic- 
ity^. We use the standard metall icity diagnostics , 
^23 = (f[oniA3727 +frQmiAA4 9.59.5007)/fH3 (iPagel etalJ 119791 : 
iKobuhiicky & Kewleyll2004l) and /^[nii]A6584/^Hq- The value 
of /?23 depends on both the metallicity and ionization state of 
the gas, which we determine using the ratio of oxygen lines, 

O32 = ■Pioin]AA4959,5007/-Pion]A3727- 

We note that the R23 diagnostic i s double- valued with low 
and high metallicity branches (e.g.. lKewlev & Dopitall200"2l) . 
This degeneracy can be broken using [Nil] /Ha when these 
lines are accessible. To facilitate a subsequent comparison 
with field gal axies (@ we use the Rp, 0^ 2, and [N11]/Hq! 
calibrations of iKobulnickv & KewlevI (|2004|) (their Equations 
12 and 18). We note that the typical uncertainty inherent in 
the calibrations is about 0. 1 dex. 

The line fluxes for the five short GRB hosts, and the 
resulting values of R23 and 032 are provided in Table |2l 

5 The relevant emission lines are [OII]A3727, H/3, [OIII]AA4959,5007, 
Ha, and [NII]A6584. 
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We adopt the solar metallicity from lAsplund et alj (l2005h . 
12 + log(0/H) = 8.66. For the host of GRB 061006 we find 
12 + log(0/H) w 8.6 for the upper R23 branch and w 8.0-8.5 
for the lower branch. For the host of GRB 070724 we find 
12 + log(0/H) « 8.9 for the upper branch, and « 7.6-8.1 
for the lower branch. We find a similar range of values for 
the host of GRB 061210, but the ratio F[nii]/^hq ~ 0.2, in- 
dicates 12 + log(0/H) > 8.6, thereby breaking the degeneracy 
and leading to the upper branch solution, 12+log(0/H) « 8.9. 

For the previously -published host of GRB 051221a we use 
the line fluxes provided in Soderberg et al. (2006), and derive 
similar values to those for the host of GRB 070724. Finally, 
for the host galaxy of GRB 050709 we lack a measurement of 
the [Oil] emission line, and we thus rely on [Nil] /Ha to infer'' 
12 + log(0/H) w 8.5. The dominant source of uncertainty in 
this measurement is the unknown value of 032, but using a 
spread of a full order of magnitude results in a metallicity 
uncertainty of 0.2 dex. 

For the hosts with double-valued metallicities (GRBs 
051221a, 061006, and 070724) we foflow the conclusion 
for field galaxies of similar luminosities and redshifts that 
the appropriate values are th ose for the R23 upper branch 
(iKobulnickv & Kew levll2004l). This c onclusions was advo- 
cated by iKobulnickv & KewlevI (|2004|) based on galaxies in 
their sample with measurements of both R23 and [Nil] /Ha. It 
is similarly supported by our inference for the host galaxy of 
GRB 061210. The metallicities as a function of host luminos- 
ity are shown in Figure |4] 

4. A COMPARISON TO LONG GRB HOST GALAXIES AND FIELD 
GALAXIES 

To place the host galaxies of short GRBs in a broader con- 
text we now turn to a comparison of their properties with those 
of long GRB hosts and field star forming galaxies at a sim- 
ilar redshift range. For the field sample we use the w 200 
emission line galaxies at z « 0.3- 1 from the Great Observa- 
tories Origins Deep Survey-North (GOODS-N) field studied 
spectroscopically as part of t he Team Keck Redshift Survey 
(IKobulnickv & Kewlevll2004b . We select this sample due to 
its large size, availability of luminosity, metallicity, and star 
formation rate measurements, and because its limiting magni- 
tude for spectroscopy is similar to that for the short GRB host 
galaxies. 

A comparison of the Z?-band absolute magnitude distribu- 
tions of short and long GRB hosts in the same redshift range 
(z < 1.1) is shown in Figure |2] The long GRB hosts range 
from Mb ~ -15.9 to -21.9 mag, wit h a media n value of 
{Mb) « -19.2 mag ((Lb) « 0.2 L,; (Berger et al. 2007a)). 
Thus, the long GRB hosts extend to lower luminosities than 
the short GRB hosts, with a median value that is about 1.1 
mag fainter A Kolmogorov-Smirnov (K-S) test indicates that 
the probability that the short and long GRB hosts are drawn 
from the same underlying distribution is 0.1. On the other 
hand, a comparison to the GOODS-N sample reveals a sim- 
ilar distribution, and the K-S probability that the short GRB 
hosts are drawn from the field sample is 0.6. 

We reach a similar conclusion based on a comparison of 
specific star formation rates. For long GRB hosts the in- 
ferred star formation rates range from about 0.2 to 50 Mq 
yr"', and their specific star formation rates are about 3-40 



^ We note that IProchaska et alj <2006D infer a metallicity of 12 + 
log(0/H) Si 8.2 for GRB 050709, but their value is based on a different cah- 
bration of [NII]/Ha. Our inferred value allows for a self-consistent compar- 
ison with field galaxies and long GRB hosts. 



Mp, yr~^ L~', with a me dian value of about 10 Mq yr"' 
(IChristensen et alJl2004l) . As shown in Figure [3] the specific 
star formation rates of short GRB hosts are systematically 
lower than those of long GRB hosts, with a median value 
that is nearly an order of magnitude lower. Indeed, the K-S 
probability that the short and long GRB hosts are drawn from 
the same underlying distribution is only 3.5 x lO"-'. This is 
clearly seen from the cumulative distributions of specific star 
formation rates for each sample (inset of Figure[3]l. 

On the other hand, a comparison to the specific star for- 
mation rates of the GOODS-N field galaxies reveals excellent 
agreement (Figure[3l). The K-S probability that the short GRB 
hosts are drawn from the field galaxy distribution is 0.6. This 
result remains unchanged even if we use only the host galaxies 
in Sample 1. Thus, short GRB hosts are drawn from the nor- 
mal population of star forming galaxies at z < 1, in contrast 
to long GRB hosts, which have elevated specific star forma- 
tion rates, li kely as a result of preferentially young starb urst 
populations (IChristensen et alJl2004tlSavaglio et"al]l2008h . 

Finally, the metallicities measured for short GRB hosts 
are in excellent agreement with the luminosity-metallicity 
relation for field galaxies at z ~ 0.1 - 1 ( Figure U 
IKobulnickv & Kewleyll2004t iTremonti et ani2004 . The two 
hosts with Mb « -18 mag have 12 + log(0/H) ^ 8.6, while 
those with Mb ~ -20 to -21 mag have 12 + log(0/H) « 
8.8-8.9, following the general trend. On the other hand, the 
short GRB host metallicities are systematically higher than 
those of long GRB hosts, which have been argued t o have 
lower than expected metallicities (IStanek et al.l l2006h . The 
median metallicity of short GRB hosts is about 0.6 dex higher 
than for long GRB hosts, and there is essentially no overlap 
between the two host populations. 

5. SUMMARY AND CONCLUSIONS 

We present optical spectroscopy of several short GRB host 
galaxies, and a complete compilation of all short GRBs with 
SwiftlXKT positions (23 bursts). About one half of the sample 
has spectroscopically identified host galaxies, with z ~ 0.1 - 
1.1. The ratio of star forming to elliptical galaxies in this spec- 
troscopic sample is 5 : 1, regardless of whether we use only the 
objects with sub-arcsecond positions, or include those with 
XRT positions. We note that the maximum allowed fraction 
of elliptical galaxies in the SwiftfXWY sample, assuming that 
all of the currently-unclassifi ed hosts turn out to be ellipticals , 
is 55%. In the formulation of ' Zheng & Ramirez-Ruiz! ( l2007h . 
with a power law age distribution, P(t) oc t" (where t is the 
time delay between formation and merger), the range of early- 
to late-type ratios allowed by the data leads to n < 1 ; if the ra- 
tio is indeed ^ 20% then n < -1. 

Despite the fact that most short GRBs occur in star forming 
galaxies, their properties are strongly distinct from those of 
long GRB hosts. The rest-frame B-band luminosity distribu- 
tion of the short GRB hosts is systematically brighter than for 
long GRB hosts in the same redshift range. An even stronger 
difference is apparent in the specific star formation rates, with 
a median value for short GRB hosts that is nearly an order 
of magnitude lower than for long GRB hosts. Similarly, the 
metallicities of the short GRB hosts are about 0.6 dex higher 
than those of long GRB hosts, and unlike the long GRB hosts 
they follow the luminosity-metallicity relation of field galax- 
ies. To the extent that the mean properties of the host galaxies 
reflect the identity of the progenitors, this clearly indicates 
that the progenitors of long and short GRBs are themselves 
distinct, supporting additional lines of evidence such as the 
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lack of supernova associations in short GRBs. 

On the other hand, a comparison to a large sample of star 
forming field galaxies in a similar redshift range reveals ex- 
cellent agreement in terms of specific star formation rates and 
the luminosity-metallicity relation. Indeed, the K-S probabil- 
ity that the short GRB hosts are drawn from the field galaxy 
population is high, « 0.6. Thus, short GRBs select galax- 
ies that are representative of the average stellar populations at 
least to z ^ 1 . 

These comparisons, along with the presence of some short 
GRBs in elliptical galaxies, indicate that the progenitor ages 
span a wide range, ^0.1-10 Gyr. However, the over- 
all dissimilarity to the hosts of long GRBs, which appear 
to be dominated by young stellar populations (< 0.1 Gyr; 
IChristensen et al J 1200 4). indicates that only a small fraction 
of short GRBs (< 1/3) are likely to arise from a prompt pop- 
ulation of progenitors. These conclusions provide additional 
support and constraints on the binary coalescence model of 
short GRBs, but are at odds with young progenitor popula- 
tions such as magnetars. 

We finally note that while nearly half of the short GRB hosts 
remain unclassified at present, the overall qualitative conclu- 
sion of our study - that short and long GRB hosts and hence 
the progenitors have a different distribution of properties - is 
robust. In particular, even if future spectroscopic observations 
of the unclassified hosts reveal that they are more similar to 
those of long GRBs, the overall dispersion in short GRB host 
properties will still be significantly larger than for long GRB 
hosts, both in terms of metallicities and specific star forma- 
tion rates. Naturally, any population of short GRB hosts that 
is found to be similar to long GRB hosts may lead to the con- 
clusion that some of the progenitors are related to a young 
stellar population (e.g., promptly merging binaries or magne- 
tars); to reiterate, our current limit on such a population is 
< 1/3. 



Looking forward, we expect to advance our understanding 
of the progenitors from three primary lines of host galaxy in- 
vestigations. First, with a growing sample of short GRB hosts 
we will be able to assess whether the progenitor population 
is uniform, or perhaps exhibits a bimodal distribution, with 
a contribution from prompt (proportional to star formation) 
and delayed (proportional to stellar mass) com ponents, as ap- 
pears to be the case for type la supernovae (e.g.. lSullivan et all 
120061) . We expect the sample to grow both from new events, 
and from continued optical and near-IR spectroscopy of the 
existing hosts. Second, high angular resolution imaging with 
the Hubble Space Telescope can be used to investigate in de- 
tail the location of short GRBs within their host galaxies. This 
has akeady been done for GRB 050709, indicating that, un- 
like for long GRBs, the burst was not associated with a region 
of active star formation (Fox et al. 2005). Finally, absorp- 
tion spectroscopy of short GRB afterglows, still unavailable 
in the present sample, will directly reveal the type of environ- 
ment (disk, halo, intergalactic medium) in which the bursts 
explode. Taken together, these studies promise to shed light 
on the short GRB progenitor population(s), at least until the 
advent of sensitive gravitational wave detectors in the next 
decade. 
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Short GRB and Host Galaxy Properties 
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Note. — Properties of the short GRBs and their host galaxies discussed in this paper, including (i) GRB name, (ii) duration, (iii) fluence, (iv-vi) position 
of the X-ray or optical afterglow including uncertainty, (vii) wh ether an optical afterglow was detected, (viii) spectroscopic redshift, (ix) host galaxy i?-band 
magnitude corrected for Galactic extinction jSchlegel et alj|T99^ , (x) rest-frame B-band luminosity, (xi) star formation rate, (xii) metalHcity, and (xiii) relevant 

references. 

" All XRT positions are from the catalogs of Butlei (20(53) and lGoad et"arH2007[) . 
* Corrected for Galactic extinction tSchle gel et al. 1998). 
The light curve is dominated by a 0.25 s hard spectrum spike, with a BATSE duration of TgQ = 1.3 s. 

The XRT error circle contains a single galaxy with red optical and near-IR colors indicative of an early-type galaxy at a photometric redshift of ~ 1.8 IBergeil 
l200 6b). However, no spectroscopic confirmation is available. 

^ The nature of the h ost galaxy remains unclear, given the location of an Abell cluster at z = 0.0865 about 8' away <Bergeill2007[) , a galaxy at z = 0. 1 1 1 about 17" 
away iBerger 2006a: IS"tratta et al.l2007l) , and a faint galaxy of unknown redshift < 1" away. All three associations have a statistical significant of about 10%. We 
note that the galaxy at z = 0. 1 1 1 has a specific star formation rate of 1 .2 Mq yr"' Ll^ jStratta eral..:2007 ). in good agreement with the host sample presented in 
this paper. In addition, we measure for this galaxy a luminosity of Mb ~ — 19.1 mag and a metallicity of 12 + log(0/H) = 8.8 ± 0.2, in excellent agreement with 
the luminosity-metallicity relation. 

^ The light curve is dominated by a short and hard initial spike, with a sm all spectral lag (Racusin et al. 2007). 

References: [1] Gehrels et al. (2005); [2] Bloom et al. (2006); [3] Villasenor_et alj f2005); [4] Fox et al. (2005); 151 IHjorth et "an (200l ; [6] IBarthelmy et^ 
g005); [7] Bereer et al. (2005); [8] Grupe et al. (2006); [9] Fen-ero et al. (2007); [10] Bergei (2006b); [11] Prochaska et al. (2006); [12] La Parola et al. (200'^ 
[13] Berger et al. (2007b); [14] Burrows et al. (2006); [15] Soderberg et al. (2006); [16] Arimoto et al. (2006); [17] Mangano et al. (2006); [18] Roming et al] 
j2006); [19] Satoetal. (2006a); [20] Troja et al. (2006); [21] Bloom et al. (2007); [22] Sato et al. (2006b); [23] Sato et al. (2006b); [24] Butlei (2006); [25] 
l&imm et al. (2006); [26] Golenetskii et al. (2006); [27] Troja et al. (2006); [28] Stratta et al. (2007); [29] Cannizzo et al. (2006); [30] Ziaeepour et al. (2006^ 
[31] Cenkoetal. (2008); [32] Gotz et al. (2007); [33] D'Avanzo et al. (2007b); [34] Barthelmv et al. (2007); [35] Barbier et al. (2007); [36] Graha m et 5] 
J2p08); [37] Parsons et al. (2007); [38] Bloom & Butler (2007); [39] Cucchiara et al. (2007); [40] Guidorzi et al. (2007); [41] Berger & Kaplan (200j); [42] 
[Marshall et al.i t2007i) ; [431 iPerlev et aUt2007i) ; [441 iSato et al.i a007i) ; [451 iD'Avanzo et al.i a007ai) ; [461 iBerger et aU>2007i) ; [471 iUkwatta et aUa20oC 
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TABLE 2 

Emission Line Fluxes and Metallicity Indicators 
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Note. — Emission line fluxes and metallicity indicators. The quantities i?23 and O32 are defined in j|3.3l 

" The typical uncertainty on the metallicity is about 0. 1 dex, dominated by the systematics in the R23 and O32 calibrations tKobulnickv & Kewlevll200"4l) . 
References: ll lFox et al. 1 .2005) ; [21 Soderberg et"arH200^ . 
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Fig. 1. — Optical spectra of short GRB host galaxies obtained with Gemini/GMOS and Magellan/LDSS3. For details see Oand lBerger et alJ HMm . The 
relevant emission lines are marked, and star formation rates from the [Oil] A3727 doublet are provided. 
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M(B) (mag) 

Fig. 2. — Distribution of 5-b and absolute magnitudes for the hosts of short (black) and long (dark gray) GRBs, as well as field star forming galaxies from the 
GOODS-N survey (light gray: iKobulnickv & Kewlevll2004l) . A K-S test of the cumulative distributions (top) indicates a probability of only 10% that the short 
ORB hosts are drawn from the same distribution of long GRB hosts, and 60% that they are drawn from the field galaxy distribution. 
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Redshift 

Fig. 3. — Specific star formation rates as a function of redsliift for the host galaxies of short (black) and long (gray) GRBs, as well as field galaxies from 
the GOODS-N survey (crosses; Kobulnicky & Kewlev 2004). Solid and open symbols designate short GRBs with sub-arcsecond positions and XRT positions 
only, respectively. Upper limits for the elliptical hosts of GRBs 050509b and 050724 are also shown. The cross-hatched region marks the median and standard 
deviation for the long GRB host sample. The inset shows the cumulative distributions for the three samples. The K-S probability that the short and long GRB 
hosts are drawn from the same distribution is only 0.3%, while the strong overlap with the field sample leads to a K-S probabiHty of 60%. 
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Fig. 4. — Metallicity as a function of 6-band absolute magnitude for the host galaxies of short (black) and long (gray) GRBs. The gray bars mark the 14-86 
percentile range for galaxies at z ~ 0. 1 from the Sloan Digital Sky Survey ITremonti et alj |2004h. while crosses designate the same field galaxies at z ~ 0.3 — 1 
shown in Figure[3]l Kobulnickv & Kewlev 2004). Both field samples exhibit a clear luminosity-metallicity relation. The long GRB hosts tend to exhibit lower 
than expected metallicities I .Stanek et aL.20Q6i) , while the hosts of short GRBs have higher metalHcities by about 0.6 dex, are moreover in excellent agreement 
with the luminosity-metallicity relation. 



